The modification of core histone proteins 1n mouse 10T1/2 cells and human lung epithelioid (A549) cells by B(a)PDE in vivo and in vitro was found to be similar. Only hi stones H2A and H3 were extensively moHTfied. Also other proteins, possibly A24 protein and the minor histone HI species seem to be binding relatively high levels of this ultimate carcinogen.
INTRODUCTION
Chromatin is a nucleoprotein complex (for reviews see references 1,2 and 3), which characterizes the genomic organization of the higher eukaryotic cell.
The various chromatin components are subject to extensive post-synthetic modification (4-8), which are currently thought to influence the differentiated state and the level of gene expression of the eukaryotic cells (4, 9) .
In this context post-synthetic modification of chromatin by B(a)PDE, the ultimate carcinogenic form of B(a)P (10-17), may be an important factor in changing the structure of chromatin and thereby in some as yet unknown manner initiating the process of neoplastic transformation. It is therefore Important to know precisely the Interaction of this hydrocarbon with chromatin.
During the past few years several reports have examined the interaction of B(a)P metabolites and B(a)PDE with chromatin, and the distribution of Nuclear Isolation -The cells were harvested by trypsinization, and an equal concentration of trypsin Inhibitor was added to the cell suspension, to inhibit any further tryptic activity. The cells were pelleted by centrifugation (500 xg) for 10 m1n, resuspended in 0.25 M Sucrose, 1 mM Tr1s (pH 7.5), 1 mM MgCl 2 , 0.2 mM CaCl 2 , 0.5% Triton X-100, 0.1 mM PMSF and homogenised with a Dounce homogenizer, using the "A" pestle. The nuclei were pelleted by centrifugation at 2,000 xg for 7 m1n, gently resuspended 1n 5-10 ml of the above buffer and centrifuged three more times to yield a clean nuclear preparation. The nuclei were routinely monitored by light microscopy.
In order to estimate the nucleic acid content of the nuclear suspensions, 0.1 ml of the suspension was mixed with 0.9 ml 0.01% SDS (in water) solution in triplicate, and the absorbance at 260 nm was determined. DNA purification -DNA was purified by Isopicnic banding using Cs-SO. gradients (37) . Aliquots of the nuclear pellets were solubilized in 6M guanidium chloride solution, sonicated to reduce its viscosity and 1.45 ml of the nuclear solution was layered on 1.85 ml of 2.2 M Cs-SO. solution. Centrifugation was carried out for 40-44 h in an SW60 rotor at 17°C at 32,000 rpm. The gradients were fractionated by collecting 8 drop fractions. The fractions containing DNA were pooled and dialysed against 0.2 mM EDTA (pH 7 .2) for 24 h with 4 buffer changes. The radioactivity was measured in a Beckman LS 9000 scintillation counter and the [ H] : [ C] ratios were determined. Acid Extraction of Nuclear Proteins -The nuclear suspensions were pelleted by centrifugation, resuspended 1n 2.5 ml 0.4 N H~SO. and centrifuged at 10,000 rpm for 15 min in a Beckman J-21 C centrifuge. The pellets were washed twice with 1.5 ml 0.4 N H^SO. and the acid soluble proteins were precipitated from the combined supernatants by addition of 4 volumes of ethanol. After 24 h at -20°C tbe proteins were pelleted by centrifugation at 10,000 rpm for 20 min. The precipitate was dried at room temperature, solubilized in 3M urea, 0.9 N acetic acid, and electrophoresed 1n acid-urea polyacrylamide gels (38) .
For analysis of core hi stones, nuclei were first extracted (3x) with 0.65 M NaCl, 3mM Tris pH 7.5, 0.1 roM PMSF, to remove the bulk of the non-histone proteins and histone HI. The residual acid soluble nuclear proteins, mainly core histones H2A, H2B, H3 and H4, were then Isolated from the nuclear pellets with 0.4 N H 2 S0 4 as described above. Electrophoresis and fluorography -Add extracted nuclear proteins were analysed on acid-urea polyacrylamide slab gels (38) . The gels were preelectrophoresed at 4°C for 18 h and the proteins were then electrophoresed at constant voltage (190V) for 8 h.
Analysis of total nuclear proteins was carried out using SDS-polyacrylamide (151) slab gel electrophoresis (39) . For this aliquots of nuclear pellets were solubiUzed in 100-200 pi SDS-sample application buffer and briefly sonicated to reduce the viscosity. Samples, up to 15 yl/slot were electrophoresed at constant voltage (80V) for 6-7 h until the tracking dye, bromophenol blue, had reached the bottom of the gel.
The proteins were visualised by staining the gels for 15 m1n in 20% acetic acid, 32% isopropanol and 0.05 -0.1? Coomassie Blue R250. The gels were once rinsed in water and left 1n 10% acetic acid overnight. The stained gels were photographed using a polaroid type 665 film. For fluorography, the gels were treated with DMSO and PPO as described elsewhere (40) . The Kodak X-ray film was exposed at -80°C for up to 5 months to visualize the radioactivity that was associated with the carcinogen. Alternatively the gels were sliced with a Mickle gel slicer after staining. The polyacrylamide was solubiHsed 1n 0.2 ml H 2 O 2 (75°C for 18 h) and subjected to scintillation counting.
RESULTS

Specificity of protein binding -Intact human lung epithelial (A549) cells and mouse 10T1/2 cells were incubated for 1 h with B(a)PDE
, and the nuclear proteins were analysed by gel electrophoresis. The distribution of the carcinogen was determined by fluorography and is shown in Fig. 1 . In both cell types the core histones H2A and H3 were modified by B(a)PDE, while binding to histones H2B and H4 was not detected. Furthermore the fluorograms of the nuclear proteins from 10T1/2 and A549 cells, which were exposed for 4 1/2 -5 months, showed clearly that other nuclear proteins were also labeled by B(a)PDE. In particular a protein X that migrated between HI and H3 on SDS gels and above histone HI on acid-urea gels ( In order to examine whether the acetylated species of the core histones were capable of binding B(a)PDE, the acid extracted nuclear proteins from untreated controls and 6 mM butyrate treated cells (A549) were separated on acid urea gels, stained (F1g. 5A) and treated for fluorography (Fig. 5B) .
The stained gels histone acetylation. The last two lanes in Fig. 5A and B are duplicates, which show the nuclear protein patterns of butyrate treated cells that were labeled with B(a)PDE for 1 h. The corresponding fluorogram shows that the carcinogen is able to bind with the acetylated species of the core histones. In particular this is clearly shown for H3 (Fig. 5B lane 4) Although histones H2A and H2B run together in this gel system, it is clear from the SDS gels (Fig. 3) that the labeling in this region on the acid urea gels (Fig. 5 ) is due to histone H2A. In butyrate treated cells it appears that the mono-acetylated H2A also can interact with B(a)PDE. Fig. 5 also shows that the histones HI are labeled to a minor extent when compared with the core histones. The protein marked as X, which is tentatively identified as A24 protein seems also subject to reversible acetylation, since the relative intensity of the two bands in the stained gel shifts towards the mono-acetylated species after butyrate treatment. The corresponding fluorogram shows that this protein was also extensively modified by B(a)PDE. selectively removed during post-treatment incubation (Fig. 6) . To check whether these cells were viable in terms of DNA repair capacity, the nuclear DNA after acid extraction was washed to neutralize the pH and purified on CSpSO. gradients. The amount of carcinogen per unit DNA (using 20 A260 = 1 mg/ml DNA) was calculated, and 39% and 55% of the initial B(a)P-DNA adducts had been removed after 8 h and 24 h post-treatment incubation respectively. Finally, since it had been suggested (43,44) that the inability to repair DNA damage in the XP fibroblasts may in part be a function of the chromatin structure, XP fibroblasts were treated with 6.0 mM butyrate and B(a)PDE as described for normal fibroblasts. The amount of carcinogen bound to [ C]-thyinidine labeled DNA as a function of post-treatment incubation was determined (Fig. 6) As shown elsewhere (25,29), and in this report the major histone HI species appear to have a low affinity for binding B(a)PDE, although these proteins did bind considerable amounts of the carcinogen when they were dissociated from chromatin (48). Therefore, the interaction of the major histone HI species with chromatin seems to block some of the potential B(a)PDE binding sites on HI. There are however two bands just below the major HI molecule that also bind the carcinogen (Fig. 1) 
